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©  Polyetherimide-polysulfone  blends. 
Disclosed  are  blends  of  (a)  a  polyetherimide  and  (b)  a 

polysulfone.  Such  blends  have  good  flexural  and  tensile 
properties  and  have  a  higher  impact  strength  than  those 
associated  with  the  polyetherimide  component  of  the 
blends.  In  addition,  some  of  the  blends  are  translucent  or 
transparent  and/or  exhibit  a  single  glass  transition  tempera- 
ture. 



This  i n v e n t i o n   r e l a t e s   to  a  c l a s s   of  p o l y e t h e r i m i d e -  
p o l y s u l f o n e   b l ends .   The  blends  have  good  f l e x u r a l   and 
t e n s i l e   p r o p e r t i e s   and  have  a  h igher   impact  s t r eng th   than 

t h o s e  a s s o c i a t e d   with  the  p o l y e t h e r i m i d e   components  of  t h e  
b l e n d s .   In  a d d i t i o n ,   the  b lends   g e n e r a l l y   are  t r a n s l u c e n t  

or  t r a n s p a r e n t   and  may  e x h i b i t   a  s i n g l e   g la s s   t r a n s i t i o n  

t e m p e r a t u r e .  
The  b lends   of  the  i nven t ion   inc lude   a  p o l y e t h e r i m i d e  

of  the  f o r m u l a :  

where  a  r e p r e s e n t s   a  whole  number  in   excess   of  1,  e . g . ,  
10  to  10,000  or  more,  the  group  - 0 - T  i s   s e l e c t e d   from: 

R'  being  hydrogen,   lower  a lkyl   or  lower  a lkoxy,   p r e f e r a b l y  
the  p o l y e t h e r i m i d e   inc ludes   the  l a t t e r   - 0 - T   group  where 
R'  is  hydrogen  such  that  the  p o l y e t h e r i m i d e   is  of  the  
f o r m u l a :  

and  the  d i v a l e n t   bonds  of  the  - 0 -Z-0 -   r a d i c a l   are  in  the 
3 , 3 ' ;   3 , 4 ' ;   4,3 '   or  the  4,4 '   p o s i t i o n ;  
z  is  a  member  of  the  c lass   c o n s i s t i n g   of  (1) 



and  (2)  d i v a l e n t   o r g a n i c   r a d i c a l s   of  the  g e n e r a l  
f o r m u l a :  

where  Y  is  a  member  s e l e c t e d   from  the  c l a s s   c o n s i s t i n g   o f  
d i v a l e n t   r a d i c a l s   of  the  f o r m u l a s ,  

where  q  is  0  or  1,  y  is  a  whole  number  from  1  to  5,  and 
R  is  a  d i v a l e n t   o rgan ic   r a d i c a l   s e l e c t e d   from  the  c l a s s  
c o n s i s t i n g   of  (1)  a r o m a t i c   hydrocarbon   r a d i c a l s   h a v i n g  
from  6-20  carbon  atoms  and  h a l o g e n a t e d   d e r i v a t i v e s   t h e r e o f ,  
(2)  a lky lene   r a d i c a l s   and  c y c l o a l k y l e n e   r a d i c a l s   h a v i n g  
from  2-20  carbon  atoms,   C(2-8)  a l k y l e n e   t e r m i n a t e d  

p o l y d i o r g a n o s i l o x a n e ,   and  (3)  d i v a l e n t   r a d i c a l s   i n c l u d e d  
by  the  fo rmula  

where  Q  is  a  member  s e l e c t e d   from  the  c l a s s   c o n s i s t i n g  
o f  

where  x  is  a  whole  number  from  1  to  5  i n c l u s i v e .   P a r t i c -  

u l a r l y   p r e f e r r e d   p o l y e t h e r i m i d e s   for  the  purposes   of  t h e  

p r e s e n t   i nven t ion   inc lude   those  where  - 0 - T  a n d   Z  r e s p e c -  
t i v e l y   a r e :  

and  R  is  s e l e c t e d   f r o m :  

The  p o l y e t h e r i m i d e s   where  R  is  metaphenylene   are  most 

p r e f e r r e d .  



P o l y s u l f o n e s   for  use  in  the  blends  of  the  p r e s e n t  
i n v e n t i o n   inc lude   po lymer i c   compounds  which  have  a  - S 0 2 -  
connec t ing   l ink   between  two  aryl  n u c l e i .   Such  p o l y s u l f o n e s  
g e n e r a l l y   have  a  w e i g h t - a v e r a g e   molecular   weight  o f  a b o u t  

10,000  to  about   60 ,000,   p r e f e r a b l y   of  about  15,000  to  a b o u t  
50,000  a n d  e s p e c i a l l y   of  about  20,000  to  about  4 0 , 0 0 0 .  
The  aryl  n u c l e i   of  such  p o l y s u l f o n e s   can  be  m o n o n u c l e a r ,  
d i n u c l e a r ,   t r i n u c l e a r   or  t e t r a n u c l e a r ,   and  the  nuc le i   can 
be  bonded  via  f u s i o n ,   a  s i n g l e   bond  on  a  br idge  member  and 

p r e f e r a b l y   c o n t a i n   between  6  and  24  carbon  atoms,  in  p a r -  
t i c u l a r   between  6  and  12  and  very  p a r t i c u l a r l y ,   6  c a r b o n  
a toms.   The  aryl   n u c l e i   can  carry  a d d i t i o n a l   s u b s t i t u e n t s ,  
such  as  for  example  Cl-C6  a lky l   or  halogen  such  a s  
c h l o r i n e   or  bromine.   The  p o l y s u l f o n e s   which  can  be  used  
in  the  i n v e n t i o n  c a n   be  e i t h e r   l i n e a r   or  branched  and  t h e y  
can  be  employed  a lone  or  as  m i x t u r e s .  

The  p o l y s u l f o n e s   which  can  be  used  acco rd ing   to  the  
i n v e n t i o n   can  p r e f e r a b l y   be  c h a r a c t e r i z e d   by  the  f o l l o w i n g  
s t r u c t u r a l   f o r m u l a ;  

wherein   A  and  B  are  the  above-ment ioned   aryl  n u c l e i ;   o r  
B  is  e i t h e r   a  s i n g l e   bond  or  also  -S02-;   and  b  is  t he  
degree   of  p o l y m e r i z a t i o n ,   which  is  g e n e r a l l y   a  p o s i t i v e  
i n t e g e r   in  excess   of  5 .  

P a r t i c u l a r l y   p r e f e r r e d   p o l y s u l f o n e s   of  the  above 
formula  inc lude   those  where  A  and  o p t i o n a l l y   B  a r e  
s e l e c t e d   from  the  f o l l owing   d i v a l e n t   a romat ic   r a d i c a l s :  



where  R1  is  a  C1-C12  a l k y l e n e ,   p r e f e r a b l y  
C1-C6;  C 2 - C 1 2 - a l k y l i d e n e ;  
C 5 - C 1 2 - c y c l o a l k y l e n e ;   C 5 - C 1 2 - c y c l o a l k y l i d e n e ;  
C 7 - C 1 2 a r a l k y l e n e ;   C 7 - C 1 2 - a r a l k y l i d e n e ;   or  a  
C 8 - C 1 2 - a r y l e n e - b i s - a l k y l i d e n e   r a d i c a l ,   one  of  t h e  
g r o u p i n g s   -O-,  - S - ,   -SO-,  or  -CO-  o r  

where  X  is  halogen  such  a  f l u o r i n e ,   c h l o r i n e   or  b romine ,   p  
is  0  or  an  i n t e g e r   from  1  t o . 4 ,   m  is  a  p o s i t i v e   i n t e g e r  
from  1  to  6  and  n  is  an  i n t e g e r   from  1  to  3:  

P a r t i c u l a r l y   p r e f e r r e d   p o l y s u l f o n e s   inc lude   those  o f  
the  f o r m u l a ;  



where  R2  is  C1-C6  a l k y l e n e ,   e s p e c i a l l y   where  R2  i s  

d i m e t h y l   me thy lene   which  is  a  p o l y s u l f o n e   sold  under  t h e  
t radename  Udel  by  Union  Carbide   Corp.  and  t h o s e  

p o l y s u l f o n e s   where  A is   phenyl  and  B  is  -O-  or  a  s i n g l e  
bond  such  a s ;  

and  

The  l a t t e r   two  p o l y s u l f o n e s   are  also  a v a i l a b l e  

c o m m e r c i a l l y .  
The  p o l y e t h e r i m i d e s   can  be  ob ta ined   by  any  of  t h e  

methods  well   known  to  those  s k i l l e d   in  the  a r t   i n c l u d i n g  
the  r e a c t i o n   of  any  a romat i c   b i s ( e t h e r   a n h y d r i d e s )   of  t h e  
f o r m u l a  

where  Z  is  as  de f i ned   h e r e i n b e f o r e   with  an  o r g a n i c   d i a m i n e  
of  the  f o r m u l a  

where  R  is  as  de f i ned   h e r e i n b e f o r e .  
Aromat ic   b i s ( e t h e r   a n y h d r i d e ) s   of  the  above  f o r m u l a  

i n c l u d e ,   for  example ,   2 , 2 - b i s [ 4 - ( 2 , 3 -  



d i c a r b o x y p h e n o x y ) p h e n y l ] - p r o p a n e   d i a n h y d r i d e ;   4 , 4 ' - b i s ( 2 ,  
3 - d i c a r b o x y p h e n o x y ) d i p h e n y l   e the r   d i a n h y d r i d e ;   1 , 3 - b i s ( 2 ,  
3 - d i c a r b o x y p h e n o x y ) b e n z e n e   d i a n h y d r i d e ;   4 , 4 ' - b i s ( 2 , 3 -  
d i c a r b o x y p h e n o x y ) d i p h e n y l   s u l f i d e   d i a n h y d r i d e ;   1 , 4 - b i s ( 2 ,  
3 - d i c a r b o x y p h e n o x y ) b e n z e n e   d i a n h y d r i d e ;   4 , 4 ' - b i s ( 2 , 3 -  
d i c a r b o x y p h e n o x y )   benzophenone  d i a n h y d r i d e ;   4 , 4 ' - b i s ( 2 , 3 -  
d i c a r b o x y p h e n o x y ) d i p h e n y l   s u l f o n e   d i a n h y d r i d e ;  
2 , 2 - b i s [ 4 - ( 3 , 4 - d i c a r b o x y p h e n o x y ) p h e n y l ] p r o p a n e   d i a n h y d r i d e ;  
4 , 4 ' - b i s ( 3 , 4 - d i c a r b o x y p h e n o x y ) d i p h e n y l   e the r   d i a n h y d r i d e ;  
4 , 4 ' - b i s ( 3 , 4 - d i c a r b o x y p h e n o x y ) d i p h e n y l   s u l f i d e   d i a n h y d r i d e ;  
1 , 3 - b i s ( 3 , 4 - d i c a r b o x y p h e n o x y ) b e n e z e n e   d i a n h y d r i d e ;   1 , 4 - b i s  
( 3 , 4 - d i c a r b o x y p h e n o x y ) b e n z e n e   d i a n h y d r i d e ;   4 , 4 ' - b i s ( 3 , 4 -  
d i c a r b o x y p h e n o x y ) b e n z o p h e n o n e   d i a n h y d r i d e ;   4 - ( 2 , 3 -  
d i c a r b o x y p h e n o x y ) - 4 ' - ( 3 , 4 - d i c a r b o x y p h e n o x y ) d i p h e n y l   - 2 , 2 -  
propane  d i a n h y d r i d e ;   e tc .   and  m i x t u r e s   of  such  
d i a n h y d r i d e s .  

In  a d d i t i o n ,   a r o m a t i c   b i s ( e t h e r   a n h y d r i d e ) s   a l s o  
inc luded   in  the  above  formula  are  shown  by  Koton,  M.M.; 
F l o r i n s k i ,   F . S . ;   Bessonov,   M.I . ;   Rudakov,  A.P.  ( I n s t i t u t e .  
of  H e t e r o o r g a n i c   compounds,  Academy  of  S c i e n c e s ,   U . S . S . R . ) ,  
U.S .S .R.   257 ,010 ,   Nov.  11,  1969,  Appl.  May  3,  1967.  I n  
a d d i t i o n ,   d i a n h y d r i d e s   are  shown  by  M.M.  Koton,  F . S .  
F l o r i n s k i ,   Zh  Org.  Khin,  4 ( 5 ) ,   774  ( 1 9 6 8 ) .  

Organic  d i a m i n e s   of  the  above  formula  i n c l u d e ,   f o r  
example,   m - p h e n y l e n e d i a m i n e ,   p - p h e n y l e n e d i a m i n e ,   4 , 4 ' -  
d i a m i n o d i p h e n y l p r o p a n e ,   4 , 4 ' - d i a m i n o d i p h e n y l m e t h a n e ,  
b e n z i d i n e ,   4 , 4 ' - d i a m i n o d i p h e n y l   s u l f i d e ,   4 , 4 ' -  
d i a m i n o d i p h e n y l   s u l f o n e ,   4 , 4 ' - d i a m i n o d i p h y e n y l   e t h e r ,   1 , 5 -  
d i a m i n o n a p h t h a l e n e ,   3 , 3 ' - d i m e n t h y l b e n z i d i n e ,   3 , 3 ' -  
d i m e t h o x y b e n z i d i n e ,  2 , 4 - b i s ( β - a m i n o - t - b u t y l ) t o l u e n e ,  
b i s ( p - β - a m i n o - t - b u t y l p h e n y l ) e t h e r ,   b i s ( p - β - m e t h y l - o -  

a m i n o p e n t y l ) b e n z e n e ,   1 , 3 - d i a m i n o - 4 - i s o p r o p y l b e n z e n e ,   1 , 2 -  
b i s ( 3 - a m i n o p r o p o x y ) e t h a n e ,   m - x y l y l e n e d i a m i n e ,   p -  
x y l y l e n e d i a m i n e ,   2 , 4 - d i a m i n o t o l u e n e ,   2 , 6 - d i a m i n o t o l u e n e ,  
b i s ( 4 - a m i n o c y c l o h e x y l ) m e t h a n e ,   3 -  

m e t h y l h e p t a m e t h y l e n e d i a m i n e ,   4 , 4 -  

d i m e t h y l h e p t a m e t h y l e n e d i a m i n e ,   2 , 1 1 - d o d c c a n e d i a m i n e ,   2 , 2 -  



d i m e t h y l o p r o p y l e n e d i a m i n e ,   o c t a m e t h y l e n e d i a m i n e ,   3 -  

m e t h o x y h e x a m e t h y l e n e d i a m i n e ,   2 , 5 -  
d i m e t h y l h e x a m e t h y l e n e d i a m i n e ,   2 , 5 -  
d i m e t h y l h e p t a m e t h y l e n e d i a m i n e ,   3 -  

m e t h y l h e p t a m e t h y l e n e d i a m i n e ,   5 -  

m e t h y l n o n a m e t h y l e n d e d i a m i n e ,   1 , 4 - c y c l o h e x a n e d i a m i n e ,   1 , 1 2 -  
o c t a d e c a n e d i a m i n e ,   b i s ( 3 - a m i n o p r o p y l ) s u l f i d e ,   N - m e t h y l - b i s  
( 3 - a m i n o p r o p y l ) a m i n e ,   h e x a m e t h y l e n e d i a m e ,  
h e p t a m e t h y l e n e d i a m i n e ,   n o n a m e t h y l e n e d i a m i n e ,  
d e c a m e t h y l e n e d  i a m i n e ,   b i s ( 3 - a m i n o p r o p y l )  

t e t r a m e t h y l d i s i l o x a n e ,   b i s ( 4 - a m i n o b u t y l )  
t e t r a m e t h y l d i s i l o x a n e ,   e t c .  

In  g e n e r a l ,   the  r e a c t i o n s   can  be  a d v a n t a g e o u s l y  
c a r r i e d   out  employing  wel l -kown  s o l v e n t s ,   e . g . ,  
o - d i c h l o r o b e n z e n e ,   m - c r e s o l / t o l u e n e ,   e t c .   in  which  to  
e f f e c t   i n t e r a c t i o n   between  the  d i a n h y d r i d e s   and  t h e  
d i a m i n e s ,   at  t e m p e r a t u r e s   of  from  about   100  to  about  2 5 0 ° C .  
A l t e r n a t i v e l y ,   the  p o l y e t h e r i m i d e s   can  be  p r epa red   by  m e l t  
p o l y m e r i z a t i o n   of  any  of  the  above  d i a n h y d r i d e s   with  any  o f  
the  above  d iamino  compounds  while  h e a t i n g   the  mix ture   o f  .  
the  i n g r e d i e n t s   at  e l e v a t e d   t e m p e r a t u r e s   with  c o n c u r r e n t  
i n t e r m i x i n g .   G e n e r a l l y ,   melt   p o l y m e r i z a t i o n   t e m p e r a t u r e s  
between  about   200°  to  400°C.  and  p r e f e r a b l y   230°  to  300°C.  

can  be  employed .   The  c o n d i t i o n s   of  the  r e a c t i o n   and  t h e  
p r o p o r t i o n s   of  i n g r e d i e n t s   can  be  va r i ed   widely  d e p e n d i n g  
on  the  d e s i r e d   m o l e c u l a r   we igh t ,   i n t r i n s i c   v i s c o s i t y ,   and  
s o l v e n t   r e s i s t a n c e .   In  g e n e r a l ,   equ imola r   amounts  o f  
d iamine   and  d i a n h y d r i d e   are  employed  f o r  h i g h   m o l e c u l a r  
weight   p o l y e t h e r i m i d e s ,   however,   in  c e r t a i n   i n s t a n c e s ,  a  
s l i g h t   molar  excess   (about   1  to  5  mol  p e r c e n t )   of  d i a m i n e  
can  be  employed  r e s u l t i n g   in  the  p r o d u c t i o n   o f  

p o l y e t h e r i m i d e s   having  t e r m i n a l   amine  g roups .   G e n e r a l l y , .  
u s e f u l   p o l y e t h e r i m i d e s   have  an  i n t r i n s i c   v i s c o s i t y   [7]  
g r e a t e r   than  0.2  d e c i l i t e r s   per  gram,  p r e f e r a b l y   0.35  t o  
0 .60,   or  0.7  d e c i l i t e r s   per  gram  or  even  h igher   when 
measured  in  m-creso l   at  25°C. 



Inc luded   among  the  many  methods  of  making  t h e  
p o l y e t h e r i m i d e s   are  those   d i s c l o s e d   in  U.S.  Pat .   Nos.  Hea th  
et  a l ,   3 , 8 4 7 , 8 6 7 ,   W i l l i a m s   3 , 8 4 7 , 8 6 9 ,   Takekosh i   et  a l .  
3 , 8 5 0 , 8 8 5 ,   White  3 , 8 5 2 , 2 4 2   and  3 , 8 5 5 , 1 7 8 ,   e tc .   These  
d i s c l o s u r e s   are  i n c o r p o r a t e d   h e r e i n   in  t h e i r   e n t i r e t y   by  
r e f e r e n c e   for  the  purpose   of  t e a c h i n g ,   by  way  o f  
i l l u s t r a t i o n ,   g e n e r a l   and  s p e c i f i c   methods  for  p r e p a r i n g  
p o l y e t h e r i m i d e s   s u i t a b l e   for  the  b lends   of  t h i s   i n v e n t i o n .  

The  p o l y s u l f o n e   r e s i n s   used  in  the  b lends   of  t h i s  
i n v e n t i o n   are  p r e p a r e d   by  any  of  the  t e c h n i q u e s   well  known 
in  the  a r t .   The  f o l l o w i n g   p a t e n t s   i l l u s t r a t e   methods  f o r  
p r e p a r i n g   these   p o l y s u l f o n e   r e s i n s :   Robinson  et  a l .   U.S .  
Pat.   Nos.  3 , 2 6 4 , 5 3 6 ,   i s sued   Aug.  2,  1966;  Vogel ,   3 , 3 2 1 , 4 4 9 ,  
i ssued  May  23,  1967;  D ' A l e s a n d r o ,   3 , 3 5 5 , 2 7 2 ,   i s sued   Nov. 
28,  1967;  B r i t i s h   Pat .   No.  1 , 1 2 2 , 1 9 2 ,   p u b l i s h e d   Ju ly   31 ,  
1968  as  well  as  U.S.  Pat  Nos.  3 , 5 3 2 , 6 7 0 ;   3 , 6 3 4 , 3 5 4 ;  
3647,751;   3 , 7 2 9 , 5 2 7   and  3 , 9 6 0 , 8 1 5 ,   a l l   i n c o r p o r a t e d   h e r e i n  

by  r e f e r e n c e .   The  f o l l o w i n g   a r t i c l e s   a l so   show  t h e  

p r e p a r a t i o n   of  these   p o l y s u l f o n e   r e s i n s   and  a r e  
i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e :   Johnson  et  a l .   " P o l y ( A r y l  
Ethers)   by  N u c l e o p h i l i c   Aromat ic   S u b s t i t u t i o n   1.  S y n t h e s i s  
and  P r o p e r t i e s "   J.  of  Polymer  S c i e n c e ,   Part   A - 1 , 5 ,  
(9)2375-98  (1967) ;   J e n n i n g s   et  a l . ,   " S y n t h e s i s   o f  

Po ly (Ary l ene   S u l f o n e s )   and  P o l y ( A r y l e n e   Ketones)   by 
Reac t ions   I n v o l v i n g   S u b s t i t u t i o n   of  Aromtic  N u c l e i "   J.  o f  

Polymer  S c i e n c e ,   Par t   C,  No.  16  (Par t   2)  715-24  (1967)  and 
Hale  et  a l .   "Thermal  S t a b i l i t y   of  P o l y a r y l  E t h e r s   P r e p a r e d  

by  Aromatic  N u c l e o p h i l i c   S u b s t i t u t i o n "   Amer.  Chem.  S o c . ,  
Div.  of  Polymer  Chem.  R e p r i n t s   7  (2)  5 0 3 - 1 2 .  

In  accordance   with  the  p r e s e n t   i n v e n t i o n ,   u s e f u l  

b lends   of  a  p o l y e t h e r i m i d e   and  a  p o l y s u l f o n e   are  g e n e r a l l y  
o b t a i n a b l e   in  a l l   p r o p o r t i o n s   of  the  two  po lymers   r e l a t i v e  

to  each  o t h e r .   C o n s e q u e n t l y ,   b lends   compr i s ing   from  a b o u t  

1  to  about  99%,  by  we igh t ,   p o l y e t h e r i m i d e   and  from  about  99 

to  about  1%,  by  weight   p o l y s u l f o n e   are  i nc luded   w i th in   t h e  

scope  of  the  i n v e n t i o n .   By  c o n t r o l l i n g   the  p r o p o r t i o n s   o f  

the  p o l y e t h e r i m i d e   and  p o l y s u l f o n e   r e l a t i v e   to  each  o t h e r ,  



b l e n d s  h a v i n g   c e r t a i n   p r e d e t e r m i n e d   p r o p e r t i e s   which  a r e  
improved  over  those   of  e i t h e r   the  p o l y e t h e r i m i d e   and /or   t h e  

p o l y s u l f o n e   component  alone  may  be  r e a d i l y   o b t a i n e d .   I n  

g e n e r a l ,   b l e n d s   of  p o l y e t h e r i m i d e s   and  p o l y s u l f o n e s   have  

good  f l e x u r a l   and  t e n s i l e   p r o p e r t i e s   and  have  an  improved  
impact  s t r e n g t h   over  t h e i p o l y e t h e r i m i d e   component  of  t h e  
b l e n d s .  

J 
I t   is  c o n t e m p l a t e d   that   the  p o l y e t h e r i m i d e -  

p o l y s u l f o n e   b l e n d s   of  the  p r e s e n t   i n v e n t i o n   may  a l s o  
inc lude   a d d i t i v e   m a t e r i a l s   such  as  f i l l e r s ,   s t a b i l i z e r s ,  
p l a s t i c i z e r s ,   f l e x i b i l i z e r s ,   s u r f a c t a n t   a g e n t s ,   p i g m e n t s ,  
d y e s ,  r e i n f o r c e m e n t s ,   flame  r e t a r d a n t s   and  d i l u e n t s   in  
c o n v e n t i o n a l   amounts .   It  is  a lso  c o n t e m p l a t e d   tha t   t h e  
b lends   of  the  i n v e n t i o n   may  inc lude   two  or  more 
p o l y e t h e r i m i d e s   with  one  or  more  p o l y s u l f o n e s   or  two  o r  

more  p o l y s u l f o n e s   in  combina t ion   with  one  or  more 
p o l y e t h e r i m i d e s .  

Methods  for  forming  p o l y e t h e r i m i d e -   p o l y s u l f o n e   b l e n d s  

may.vary  c o n s i d e r a b l y .   Prior   a r t   b l e n d i n g   t e c h n i q u e s   a r e  
g e n e r a l l y   s a t i s f a c t o r y .   A  p r e f e r r e d   method  c o m p r i s e s  
b lend ing   the  po lymers   and  a d d i t i v e s   such  as  r e i n f o r c e m e n t s  
in  powder,  g r a n u l a r   or  f i l a m e n t o u s   form,  e x t r u d i n g   t h e  
b lend,   and  chopping  the  e x t r u d a t e   into  p e l l e t s   s u i t a b l e   f o r  
molding  by  means  c o n v e n t i o n a l l y   used  to  mold  normal ly   s o l i d  
t h e r m o p l a s t i c   c o m p o s i t i o n s .  

The  p o l y e t h e r i m i d e - p o l y s u l f o n e   b l ends   of  the  p r e s e n t  
i n v e n t i o n   have  a p p l i c a t i o n   in  a  wide  v a r i e t y   o f  
p h y s i c a l   shapes   and  forms,  i nc lud ing   the  use  as  f i l m s ,  
molding  compounds,  c o a t i n g s ,   e tc .   When  used  as  f i lms  o r  
when  made  in to   molded  p r o d u c t s ,   these  b l e n d s ,   i n c l u d i n g  
l amina t ed   p r o d u c t s   p repared   t he re f rom,   not  only  p o s s e s s  
good  p h y s i c a l   p r o p e r t i e s   at  room  t e m p e r a t u r e   but  t h e y  
r e t a i n   t h e i r   s t r e n g t h   and  e x c e l l e n t   r e sponse   to  w o r k l o a d i n g  
at  e l e v a t e d   t e m p e r a t u r e s   for  long  p e r i o d s   of  t ime.  F i l m s  
formed  from  the  b lends   of  th is   i nven t ion   may  be  used  in  

a p p l i c a t i o n   where  f i lms  have  been  used  p r e v i o u s l y .   Thus ,  
the  b lends   of  the  r ecen t   i nven t ion   can  be  used  i n  



a u t o m o b i l e   and  a v i a t i o n   a p p l i c a t i o n s   for  d e c o r a t i v e   and  
p r o t e c t i v e   p u r p o s e s ,   and  as  high  t e m p e r a t u r e   e l e c t r i c a l  
i n s u l a t i o n   for  motor  s l o t   l i n e r s ,   t r a n s f o r m e r s ,   d i e l e c t r i c  

c a p a c i t o r s ,   co i l   and  cable  wrapp ings   (form  wound  c o i l  
i n s u l a t i o n   for  m o t o r s ) ,   and  for  c o n t a i n e r s   and  c o n t a i n e r  
l i n i n g s .   The  b lends   can  a l so   be  used  in  l a m i n a t e d  
s t r u c t u r e s   where  f i lms   or  s o l u t i o n s   of  the  b lend  a r e  
a p p l i e d   to  v a r i o u s   h e a t - r e s i s t a n t   or  o the r   type  o f  
m a t e r i a l s   such  a s  a s b e s t o s ,   mica,   g l a s s   f i b e r   and  the  l i k e ,  
the  s h e e t s   super imposed   one  upon  t h e  o t h e r ,   a n d  t h e r e a f t e r  
s u b j e c t i n g   the  s h e e t s   to  e l e v a t e d   t e m p e r a t u r e s   a n d  

p r e s s u r e s   to  e f f e c t   flow  and  cure  of  the  r e s i o n o u s   b i n d e r  
to  y i e l d   cohes ive   l a m i n a t e d   s t r u c t u r e s .   Fi lms  made  f rom 
the  s u b j e c t   p o l y e t h e r i m i d e - p o l y s u l f o n e   b l ends   can  a l s o  

se rve   in  p r i n t e d   c i r c u i t   a p p l i c a t i o n s .  
A l t e r n a t i v e l y ,   s o l u t i o n s   of  the  b l ends   h e r e i n  

d e s c r i b e d   can  be  coated   on  e l e c t r i c a l   c o n d u c t o r s   such  a s  

c o p p e r ,   aluminum,  e tc .   and  t h e r e a f t e r   the  coa ted   c o n d u c t o r  

can  be  hea ted   at  e l e v a t e d   t e m p r a t u r e s   to  remove  the  s o l v e n t  
a n d   p rov ide   a  c o n t i n u o u s   r e s i n o u s   c o m p o s i t i o n   t h e r e o n .   I f  

d e s i r e d ,   an  a d d i t i o n a l   o v e r c o a t   may  be  a p p l i e d   to  s u c h  
i n s u l a t e d   c o n d u c t o r s   i n c l u d i n g   the  use  of  p o l y m e r i c  
c o a t i n g s   such  as  p o l y a m i d e s ,   p o l y e s t e r s ,   s i l i c o n e s ,  

p o l y v i n y l f o r m a l   r e s i n s ,   epoxy  r e s i n s ,   p o l y i m i d e s ,  
p o l y t e t r a f l u o r o e t h y l e n e ,   e t c .   The  use  of  the  b l ends   of  t h e  

p r e s e n t   i n v e n t i o n   as  o v e r c o a t s   on  o the r   types   of  i n s u l a t i o n  
is  not  p r e c l u d e d .  

Other  a p p l i c a t i o n s   which  are  c o n t e m p l a t e d   for  t h e s e  
b l ends   i nc lude   t h e i r   use  as  b i n d e r s   for  a s b e s t o s   f i b e r s ,  
carbon   f i b e r s ,   and  o the r   f i b r o u s   m a t e r i a l s   in  making  b r a k e  

l i n i n g s .   In  a d d i t i o n ,   molding  c o m p o s i t i o n s   and  mo lded  
a r t i c l e s   may  be  formed  from  the  po lymer ic   b l e n d s   of  t he  
i n v e n t i o n   p r e f e r a b l y   by  i n c o r p o r a t i n g   such  f i l l e r s   a s  
a s b e s t o s ,   g l a s s   f i b e r s ,   t a l c ,   q u a r t z ,   powder,   f i n e l y  
d i v i d e d   carbon ,   s i l i c a   and  the  l ike   into  the  b l ends   p r i o r  

to  mold ing .   Shaped  a r t i c l e s   may  be  formed  under  hea t ,   o r  



under  heat   and  p r e s s u r e ,   in  a c c o r d a n c e   with  p r a c t i c e s  
we l l -known  in  the  a r t .  

The  f o l l o w i n g   examples  i l l u s t r a t e   s p e c i f i c  
p o l y e t h e r i m i d e - p o l y s u l f o n e   b lends   in  a c c o r d a n c e   with  t h e  

p r e s e n t   i n v e n t i o n .   It  should  be  u n d e r s t o o d   t h a t   t h e  
examples   are  g iven   for  the  purpose  of  i l l u s t r a t i o n   and  do 
not  l i m i t   the  i n v e n t i o n .   In  the  e x a m p l e s ,   a l l   p a r t s   and 

p e r c e n t a g e s   are  by  weight  u n l e s s   o t h e r w i s e   s p e c i f i e d .  

EXAMPLE  I  

Cast  and  compressed  f i lms  of  s e v e r a l   p o l y e t h e r i m i d e -  
p o l y s u l f o n e   b l ends   accord ing   to  the  i n v e n t i o n   were  p r e -  
pared  and  examined  for  c o m p a t a b i l i t y .  

The  p o l y e t h e r i m i d e   of  the  blend  was  p r e p a r e d   from 
the  r e a c t i o n   p r o d u c t   of  e s s e n t i a l l y   e q u i m o l a r   a m o u n t s  
of  2,2  - b i s [ 4 - ( 3 , 4 - d i c a r b o x y p h e n o x y )   pheny l ]   p r o p a n e  
d i a n h y d r i d e   and  m-phenylene   d iamine  and  had  the  s t r u c -  
t u r a l   f o r m u l a :  

The  p o l y s u l f o n e s   used  in  p r e p a r i n g   the  b lends   were  (a)  
a  p o l y e t h e r s u l f o n e   ( h e r e i n a f t e r   PES)  of'  the  s t r u c t u r a l  
f o r m u l a :  



and  (b)  a  p o l y s u l f o n e   ( h e r e i n a f t e r   PS)  sold   c o m m e r c i a l l y   by 
Union  Carbide  C o r p o r a t i o n   having  the  s t r u c t u r a l   f o r m u l a :  

Blends  of  the  p o l y e t h e r i m i d e   and  the  p o l y s u l f o n e s  
were  a s s e s s e d   for  c o m p a t i b i l i t y   by  (a)  combin ing   s o l u -  
t i o n s   of  each  polymer  to  d e t e c t   c l o u d i n e s s   which  can  be 
i n d i c a t i v e   of  i n c o m p a t i b i l i t y ,   (b)  c o m p r e s s i o n   m o l d i n g  
a  d r ied   c o p r e c i p i t a t e d   polymer  m ix tu re   so  as  to  d e t e r -  
mine  homogenei ty   in  the  p r e s s e d   sample ,   (c)  s o l u t i o n  

c a s t i n g   a  polymer  mix ture   onto  a  p l a t e   and  d ry ing   to  

produce  a  f i lm  so  as  to  d e t e r m i n e   h o m o g e n e i t y ,   and  (d)  
s u b j e c t i n g   the  blend  to  d i f f e r e n t i a l   s c a n n i n g   c a l o r i m e t r y  
(DSC). 

S p e c i f i c a l l y ,   s o l u t i o n s  o f   each  polymer  of  t h e  
blend  were  p r epa red   by  d i s s o l v i n g   about   10%  by  weight  o f  
the  polymer  in  90%  by  weight  of  d ime thy l   formamide  (DMF) 

or  ch lo ro fo rm  (CHCl3).  The  s o l u t i o n s   were  then  com- 
bined  and  any  c l o u d i n e s s   no ted .   The  c o n t a i n e d   p o l y m e r  
blend  was  then  p r e c i p i t a t e d   by  the  a d d i t i o n   of  m e t h a n o l  

or  by  sp r ead ing   the  polymers   in  DMF  on  g l a s s   p l a t e s   and 
then  drying  in  an  oven  at  about  100'C  to  a l l ow  the  s o l -  

vent  to  e v a p o r a t e   at  a  c o n t r o l l e d   r a t e .   The  p r e c i p i -  
t a t ed   polymer  blend  in  the  form  of  a  fi lm  was  t h e n  
d r ied   o v e r n i g h t   under  vacuum.  The  d r i ed   blend  was 



compress ion   molded  between  aluminum  p l a t e s   for  about   one  
minute   at  about   5000  ps ig   and  at  about  2 7 5 ° - 3 0 0 ° C .  

The  above  p r o c e d u r e   was  u t i l i z e d   to  p r e p a r e   b l e n d s  
c o n t a i n i n g   e i t h e r   about   50%  or  about  25%  p o l y e t h e r i m i d e  
with  each  of  the  above  m e n t i o n e d  p o l y s u l f o n e s .   A  t a b u -  
l a t i o n   of  the  a s s e s s m e n t s   of  the  b lends   is  set  f o r t h   in  
Table  I .  





From  the  above  r e s u l t s ,   it  can  be  noted  t ha t   t h e  

c l a r i t y   of  the  b l e n d s ,   p a r t i c u l a r l y   the  blend  c o n t a i n i n g  
PS,  is  b e t t e r   when  there   is  a  p redominance   of  one  compo- 
n e n t .   F u r t h e r ,   the  50:50  blend  c o n t a i n i n g   PES  is  c o n s i d e r -  

ab ly   c l e a r e r   than  the  50:50  blend  c o n t a i n i n g   PS  which  seems 
to  i n d i c a t e   tha t   the  s m a l l e r   a l i p h a t i c   c o n t e n t   of  PES  may 
c o n t r i b u t e   g r e a t e r   c o m p a t i b i l i t y   with  the  p o l y e t h e r i m i d e  
in  the  b l e n d .  

EXAMPLE  I I  

A  p o l y e t h e r i m i d e - p o l y s u l f o n e   blend  a c c o r d i n g   to  t h e  

i n v e n t i o n   was  p r e p a r e d ,   the  blend  molded  into  t e s t   s p e c i -  

mens  and  the  specimens  t e s t e d   for  v a r i o u s   p h y s i c a l   p r o p e r -  
t i e s .  

The  p o l y e t h e r i m i d e   for  the  blend  was  p r e p a r e d   from 
the  r e a c t i o n   p roduc t   of  e s s e n t i a l l y   equ imola r   a m o u n t s  
of  2 , 2 - b i s [ 4 - ( 3 , 4 - d i c a r b o x y p h e n o x y )   phenyl]   p r o p a n e  
d i a n h y d r i d e   and  m-phenylene  d iamine   produced  at  e l e -  
va ted   t e m p e r a t u r e   of  about  250°  to  about  300°C,  and 

under  n i t r o g e n   a tmosphere .   The  polymer  was  e x t r u d e d  
at  about   300*C.  to  form  a  s t r a n d   and  then  m e c h a n i c a l l y  
chopped  in to   p e l l e t s .   A  specimen  molded  from  the  p e l -  
l e t s   was  t e s t e d   for  va r ious   p r o p e r t i e s   and  the  r e s u l t s  

are  se t   out  at  the  top  of  Table  I I .  
About  99  p a r t s   of  the  above  p o l y e t h e r i m i d e   were 

mixed  with  about  one  par t   of  a  p o l y s u l f o n e   sold  com- 
m e r c i a l l y   under  the  t rade  name  UDEL  P1700  by  Union 

Carb ide   C o r p o r a t i o n .   This  p o l y s u l f o n e   by  i t s e l f   had 

the  p h y s i c a l   p r o p e r t i e s   as  set  f o r t h   at  the  b o t t o m  

o f ' T a b l e   I I .   The  blend  of  the  two  polymers   w e r e  
then  e x t r u d e d   in  a  28  mm  Werner  &  P f l e i d e r e r   e x t r u d e r  

having  a  t e m p e r a t u r e   p r o f i l e   v a r y i n g   from  about   610 

to  650°F  and  a  die  t e m p e r a t u r e   of  about  610°F.  The 

r e s u l t i n g   e x t r u d a t e   was  comminuted  into  p e l l e t s   and 

the  p e l l e t s   i n j e c t i o n   molded  into  t e s t   specimens  in 

a  Newbury  molding  machine  at  a  t e m p e r a t u r e   of  a b o u t  

610°F.   The  impact  s t r e n g t h   of  t hese   specimens  was 



measured  a c c o r d i n g   to  the  unnotched   and  notched  Izod  t e s t ,  
and  the  r e s u l t s   are  set   f o r t h   in  Table  I I .   The  heat  d i s -  
t o r t i o n   t e m p e r a t u r e ,   f l e x u r a l   p r o p e r t i e s ,   t e n s i l e   p r o p e r -  
t i e s   and  Gardner   impact  s t r e n g t h   were  a lso   measured  and  a r e  
given  in  Table  I I .  

The  above  p r o c e d u r e   in  forming  a  p o l y e t h e r i m i d e -  
p o l y s u l f o n e   blend  of  the  i n v e n t i o n   was  then  r e p e a t e d   t o  
produce  t e s t   spec imens   of  a  s e r i e s   of  blends  c o n t a i n i n g  
vary ing   amounts  of  p o l y e t h e r i m i d e   r e l a t i v e   to  the  amoun t  
of  the  p o l y s u l f o n e .   The  only  e x c e p t i o n s   to  the  p r o c e d u r e  
being  t h a t   the  blend  c o n t a i n i n g   about   50%  p o l y e t h e r i m i d e  
was  e x t r u d e d   with  an  e x t r u d e r   t e m p e r a t u r e   p r o f i l e   of  a b o u t  
590°  to  625°F.  and  with  a  die  t e m p e r a t u r e   of  abou t   5 9 0 ° F . ,  
the  blend  c o n t a i n i n g   30%  p o l y e t h e r i m i d e   was  ex t ruded   w i t h  

an  e x t r u d e r   t e m p e r a t u r e   p r o f i l e   of  about   610°  to  640°F,  a n d  
with  a  die  t e m p e r a t u r e   of  630°F . ,   and  the  blend  c o n t a i n i n g  
10%  p o l y e t h e r i m i d e   was  e x t r u d e d   with  an  e x t r u d e r   t e m p e r a -  
ture   p r o f i l e   of  about  610°  to  630°F,  and  a  die  t e m p e r a t u r e  
of  about   620°F.  The  r e s u l t s   of  the  unnotched  and  n o t c h e d  
Izod  impact  t e s t ,   as  well  as  the  heat  d i s t o r t i o n   t e m p e r a -  
t u r e ,   f l e x u r a l   and  t e n s i l e   p r o p e r t i e s   and  Gardner  i m p a c t  

s t r e n g t h   for  these   b lends   are  a l so   d e t a i l e d   in  Table  I I .  
The  b lends   were  t r a n s p a r e n t   at  low  c o n c e n t r a t i o n s   of  p o l y -  
s u l f o n e ,   e . g . ,   about  10%  or  l e s s ,   were  t r a n s l u c e n t   at  h i g h  
c o n c e n t a t i o n s   of  p o l y s u l f o n e ,   e . g . ,   about   90%  or  more,  a n d  
were  opaque  at  c o n c e n t r a t i o n s   in  between  about  10  and  90% 

p o l y s u l f o n e .  





As  is  e v i d e n t   from  the  above  e x p e r i m e n t a l   r e s u l t s ,  
b l ends   of  the  p o l y e t h e r i m i d e   and  the  p o l y s u l f o n e   have  an  
improved  impact   s t r e n g t h   over  the  p o l y e t h e r i m i d e   componen t  
a lone   as  e v i d e n c e d   by  the  unno tched   Izod  and  Gardner   i m p a c t  
v a l u e s ,   p a r t i c u l a r l y   when  the  blend  c o n t a i n s   over  50% 
p o l y s u l f o n e ,   while  e x h i b i t i n g   good  t e n s i l e ,   f l e x u r a l   and  
heat   d i s t o r t i o n   p r o p e r t i e s .  

More  s p e c i f i c a l l y ,   the  b lends   e x h i b i t e d   an  u n n o t c h e d  
Izod  impact   s t r e n g t h   which  improves  d r a m a t i c a l l y   with  i n -  

c r e a s i n g   c o n c e n t r a t i o n   of  p o l y s u l f o n e   as  ev idenced   by  t h e  
t e s t   spec imens   c o n t a i n i n g   in  excess   of  10%  p o l y s u l f o n e  
being  d e f o r m e d ,   r a t h e r   than  b roken ,   by  impact  of  the  hammer 
in  the  Izod  t e s t .   S i m i l a r l y ,   the  Gardner  impact  s t r e n g t h  
of  the  b l ends   was  in  excess   of  320  i n - l b s   when  the  c o n c e n -  
t r a t i o n   of  p o l y s u l f o n e   was  about   50%  or  g r e a t e r .   I n  
a d d i t i o n ,   the  notched  Izod  va lues   for  the  b l e n d s ,   w i t h i n  
e x p e r i m e n t a l   e r r o r ,   do  not  vary  a p p r e c i a b l y   w i t h i n   t h e  

range  of  c o n c e n t r a t i o n s   t e s t e d .   The  heat  d i s t o r t i o n   t e m -  

p e r a t u r e   da ta   of  the  b l e n d s ,   when  p l o t t e d ,   i n c r e a s e s   on  a 
smooth  n o n l i n e a r   curve  with  i n c r e a s i n g   p o l y e t h e r i m i d e   c o n -  
c e n t r a t i o n   as  do  the  t e n s i l e ,   y i e l d   and  f a i l u r e   s t r e n g t h s .  

Example  I I I  

A  p o l y e t h e r i m i d e - p o l y p h e n y l   su l fone   blend  a c c o r d i n g  
to  the  i n v e n t i o n   was  p r e p a r e d ,   the  blend  molded  into  t e s t  

spec imens   and  the  t e s t   specimens  t e s t e d   for  v a r i o u s   p h y s i -  
cal  p r o p e r t i e s .  

About  99  p a r t s   of  a  p o l y e t h e r i m i d e   made  in  a c c o r d a n c e  
with  the  p r o c e d u r e   of  Example  II  and  having  the  p h y s i c a l  

p r o p e r t i e s   set   f o r t h   in  Table  I I I   were  mixed  with  about  one 

p a r t   of  a  p o l y p h e n y l s u l f o n e   sold  commerc i a l l y   under  t h e  

t r ade   name  Radel  R-5000  by  Union  Carbide  C o r p o r a t i o n .   T h i s  



p o l y p h e n y l s u l f o n e   by  i t s e l f   had  the  p h y s i c a l   p r o p e r t i e s   s e t  
f o r th   at  the  bottom  of  Table  I I I .   The  mix ture   of  the  two 
polymer  was  then  ex t ruded   in  a  Werner  &  P f l e i d e r e r   e x t r u d e r  
having  a  t e m p e r a t u r e   p r o f i l e   va ry ing   from  about  600  t o  
650'F  and  a  die  t e m p e r a t u r e   of  about   630*F.  The  r e s u l t i n g  
e x t r u d a t e   was  comminuted  into  p e l l e t s   and  the  p e l l e t s   i n -  
j e c t i o n   molded  at  about   650°F,  to  675°F,  into  t e s t   s p e c i -  
mens.  Impact   s t r e n g t h s   of  these  specimens  were  m e a s u r e d  

acco rd ing   to  the  unnotched  and  notched  Izod  t e s t   and  t h e  
r e s u l t s   are  set   f o r t h   in  T a b l e  I I I .   T h e  h e a t   d i s t o r t i o n  

t e m p e r a t u r e ,   g l a s s   t r a n s i t i o n   t e m p e r a t u r e ,   f l e x u r a l   p r o p -  
e r t i e s ,   and  t e n s i l e   p r o p e r t i e s   of  the  t e s t   specimens   o f  
the  blend  were  a l so   measured  and  are  given  in  Table  I I I .  

The  above  p rocedure   in  forming  a  p o l y e t h e r i m i d e -  .  
p o l y p h e n y l s u l f o n e   blend  a c c o r d i n g   the  i n v e n t i o n   was  t h e n  

r e p e a t e d   to  produce  t e s t   specimens  of  a  s e r i e s   of  b l e n d s  

c o n t a i n i n g   v a r y i n g  a m o u n t s   of  p o l y e t h e r i m i d e   r e l a t i v e   t o  
the  amount  of  p o l y p h e n y l s u l f o n e .   The  r e s u l t s   of  the  u n -  
notched  and  no tched   Izod  impact  t e s t ,   as  well  as  the  h e a t  
d i s t o r t i o n   t e m p e r a t u r e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e   f l e x -  
ural   p r o p e r t i e s ,   and  t e n s i l e   p r o p e r t i e s   for  t e s t   s p e c i m e n s  
of  the  b l ends   are  a l so   d e t a i l e d   in  Table  I I I .  





As  is  a p p a r e n t   from  the  above  t e s t   r e s u l t s ,   the  b l e n d s  
of  the  i n v e n t i o n   have  improved  t e n s i l e   and  f l e x u r a l   p r o p -  
e r t i e s   over  t h a t   of  t h e  p o l y p h e n y l s u l f o n e   component  a l o n e  
and  have  improved  unno tched   Izod  impact  va lues   over  t h a t  
of  the  p o l y e t h e r i m i d e   component  a lone .   In  a d d i t i o n ,   b l e n d s  
of  the  p o l y e t h e r i m i d e   and  th i s   p o l y s u l f o n e   appear   to  be 

c o m p l e t e l y   c o m p a t i b l e   over  the  e n t i r e   b l end ing   c o m p o s i t i o n  

range  as  ev idenced   by  a  s i n g l e   g l a s s   t r a n s i t i o n   t e m p e r a t u r e  
for  each  blend  and  by  the  b lends   being  t r a n s p a r e n t .  

More  s p e c i f i c a l l y ,   the  notched  Izod  va lues   for  t h e  
b lends   remain  f a i r l y   c o n s t a n t   from  99%  to  30%  p o l y e t h e r i -  
mide  and 'be low  the  30%  l e v e l ,   the  notched  Izod  i n c r e a s e s  

r a t h e r   s h a r p l y   and  a p p r o a c h e s   the  value  for  the  p o l y p h e n y l -  
su l fone   a lone .   In  c o n t r a s t ,   the  unnotched   Izod  value  i n -  

c r e a s e s   from  the  99%  p o l y e t h e r i m i d e   blend  to  a  maximum 

e x t r a p o l a t e d   value  of  about   70  f t - l b / i n   for  the  b l e n d  

c o n t a i n i n g   about  25%  p o l y e t h e r i m i d e .  
The  t e n s i l e   y i e l d   e l o n g a t i o n   is  in  the  range  of  a b o u t  

16  to  18%  r e g a r d l e s s   of  the  blend  r a t i o   while  the  t e n s i l e  

s t r e n g t h   at  y i e l d   i n c r e a s e s   l i n e a r l y   f rom pure   p o l y s u l f o n e  
to  a  90%  p o l y e t h e r i m i d e   b lend.   The  f a i l u r e   s t r e n g t h   i n -  

c r e a s e s   from  the  90%  p o l y s u l f o n e   blend  to  the  pure  p o l y -  
e t h e r i m i d e .   Due  to  some  small   specks  c o n t a i n e d   in  the  

b l ends ,   the  f a i l u r e   e l o n g a t i o n   is  l ess   than  normal ly   e x -  

pected  as  the  spec imens   break  dur ing  the  neckdown  p e r i o d  
due  to  the  p r e sence   of  the  specks .   As  to  the  f l e x u r a l  

p r o p e r t i e s ,   both  the  i n i t i a l   modulus  and  u l t i m a t e   s t r e n g t h  
e x h i b i t   s t r a i g h t   l i ne   r e l a t i o n s h i p s   when  p l o t t e d   versus   t h e  

compos i t i on   for  the  b l e n d .  



Example  IV 

A  p o l y e t h e r i m i d e - p o l y e t h e r s u l f o n e   blend  a c c o r d i n g   t o  
the  i n v e n t i o n   was  p r e p a r e d ,   the  blend  molded  into  t e s t  
specimens  and  the  spec imens   t e s t e d   for  v a r i o u s   p h y s i c a l  
p r o p e r t i e s .  

About  90  p a r t s   of  the  above  p o l y e t h e r i m i d e   made  in  
acco rdance   with  the  p r o c e d u r e   of  Example  II  and  having  t h e  
p h y s i c a l   p r o p e r t i e s  s e t   f o r t h   in  Table  IV were  mixed  w i t h  
10  p a r t s   of  a  p o l y e t h e r s u l f o n e   sold  c o m m e r c i a l l y   under  t h e  
t rade   name VICTREX  200P  by  I m p e r i a l   Chemical  I n d u s t r i e s ,  
Ltd.  This  p o l y e t h e r s u l f o n e   by  i t s e l f   has  the  p h y s i c a l  
p r o p e r t i e s   set  f o r t h   at  the  bottom  of  Table  IV.  The  m i x -  
ture   of  the  two  po lymers   was  then  e x t r u d e d   in  a  28  mm 
Werner  &  P f l e i d e r e r   e x t r u d e r   having  a  t e m p e r a t u r e   p r o f i l e  
vary ing   from  about   610°  to  650°F,  and  a  die  t e m p e r a t u r e   o f  
about  610°F.  The  r e s u l t i n g   e x t r u d a t e   was  comminuted  i n t o  

p e l l e t s   and  the  p e l l e t s   i n j e c t i o n   m o l d e d  a t   about   650°F .  
in to   t e s t   s p e c i m e n s .   Impact   s t r e n g t h s   of  these   s p e c i m e n s  
was  measured  a c c o r d i n g   to  the  s t a n d a r d   unnotched  and  
notched  Izod  t e s t   and  the  r e s u l t s   are  set  f o r t h   in  T a b l e  
IV.  The  heat   d i s t o r t i o n   t e m p e r a t u r e ,   Gardner  i m p a c t  
s t r e n g t h ,   f l e x u r a l   p r o p e r i t e s   and  t e n s i l e   p r o p e r t i e s   o f  
the  blend  were  a l so   measured  and  are  given  in  Table  IV. 

The  above  p r o c e d u r e   in  forming  a  p o l y e t h e r i m i d e -  
p o l y e t h e r s u l f o n e   blend  a c c o r d i n g   to  the  i n v e n t i o n   w a s  t h e n  

r e p e a t e d   to  produce  t e s t   spec imens   of  a  s e r i e s   of  b l e n d s  

c o n t a i n i n g   va ry ing   amounts  of  p o l y e t h e r i m i d e   r e l a t i v e   t o  
the  amount  of  p o l y e t h e r s u l f o n e .   The  t e s t   spec imens   o f  
the  blend  c o n t a i n i n g   about   70%  p o l y e t h e r i m i d e   were  p r o -  
duced  under  the  same  c o n d i t i o n s   as  above  while  the  t e s t  

specimens  of  the  b l ends   c o n t a i n i n g   about   50,  30  and  10% 

p o l y e t h e r i m i d e   were  e x t r u d e d   at  about  640°  to  670°F  with  a 
die  t e m p e r a t u r e   of  about   675°F  and  molded  at  about   6 0 0 ' F .  

The  r e s u l t s   of  the  unnotched   and  notched  Izod  impact  t e s t ,  
as  well  as  the  heat   d i s t o r t i o n   t e m p e r a t u r e ,   Gardner  i m p a c t  

s t r e n g t h ,   f l e x u r a l   p r o p e r t i e s ,   and  t e n s i l e   p r o p e r i t e s   f o r  

t e s t   spec imens   of  the  b lends   are  a l s o   d e t a l l e d   in  Table  IV. 





All  of  the  b l ends   produced  were  t r a n s p a r e n t   with  t he   e x c e p -  
t i on   of  the  b l ends   c o n t a i n i n g   30  and  50%  p o l y e t h e r i m i d e  
which  were  t r a n s l u c e n t .  

As  is  a p p a r e n t   from  the  above  t e s t   r e s u l t s ,   the  p o l y -  
e t h e r i m i d e   and  the  p o l y e t h e r s u l f o n e   components   are  g e n e r -  
a l l y   c o m p a t i b l e   and  produce  b lends  of  s a t i s f a c t o r y   p h y s i c a l  
c h a r a c t e r i s t i c s   over  the  e n t i r e   b l e n d i n g   c o m p o s i t i o n   r a n g e .  
More  s p e c i f i c a l l y ,   the  notched  Izod  impact  s t r e n g t h   for  t h e  
b lends   is  at  a  maximum  at  a  50:50  blend  r a t i o   whi le   the  u n -  
notched  Izod  samples  e x h i b i t   no  breaks   below  a  70%  p o l y -  
e t h e r i m i d e   c o n c e n t r a t i o n .   The  p o l y e t h e r i m i d e   p o l y e t h e r -  
s u l f o n e   b l ends   have  s l i g h t l y   lower  t e n s i l e   s t r e n g t h s   and 
f l e x u r a l   modulus  as  compared  with  the  p o l y e t h e r i m i d e   com- 
ponent   a l o n e .   The .Ga rdne r   impact  s t r e n g t h   of  the  b l e n d s  
is  d i r e c t l y   p r o p o r t i o n a l   to  p o l y e t h e r s u l f o n e   c o n c e n t r a t i o n  
with  a  Gardner   impact  s t r e n g t h   in  excess   of  320  i n - l b   b e i n g  
a t t a i n e d   with  a  blend  c o n t a i n i n g   about   90%  p o l y e t h e r -  
s u l f o n e .   The  t e n s i l e   s t r e n g t h s   e x h i b i t   a  small  but  s t e a d y  
d e c r e a s e   in  both  the  y ie ld   and  f a i l u r e   v a l u e s   as  the  p o l y -  
e t h e r s u l f o n e   c o n c e n t r a t i o n   of  the  blend  i n c r e a s e s .   The 
f a i l u r e   e l o n g a t i o n   for  the  b lends   has  a  maximum  value  a t  
50:50  c o n c e n t r a t i o n   r a t i o   and  the  i n i t i a l   f l e x u r a l   modulus  
d e c r e a s e s   with  i n c r e a s i n g   p o l y e t h e r s u l f o n e   c o n t e n t   in  t h e  
blend  while   the  s t r e n g t h   at  5%  s t r a i n   remains   f a i r l y   c o n -  
s t a n t   r e g a r d l e s s   of  the  p r o p o r t i o n   of  the  blend  compo-  
n e n t s .  

S u b s t i t u t i o n   of  o the r   p o l y e t h e r i m i d e s   and /o r   o t h e r  
p o l y s u l f o n e s   for  the  p o l y e t h e r i m i d e s   a n d / o r   p o l y s u l f o n e s  
b lends   of  the  above  examples  r e s u l t s   in  the  f o r m u l a t i o n  

of  p o l y e t h e r i m i d e - p o l y s u l f o n e   polymer  b l ends   having  s i m i -  

l a r   c h a r a c t e r i s t i c s   such  as  improved  impact  s t r e n g t h s   as  
compared  with  the  p o l y e t h e r i m i d e   component  a lone  and  s u c h ,  
b l ends   are  c o n s i d e r e d   wi th in   the  scope  of  the  p r e s e n t  
i n v e n t i o n .  



While  the  p r e s e n t   i n v e n t i o n   has  been  d e s c r i b e d   w i t h  
r e f e r e n c e   to  p a r t i c u l a r   embodiments  t h e r e o f ,   it  will   be  u n -  
d e r s t o o d   tha t   numerous  m o d i f i c a t i o n s   may  be  made  by  t h o s e  
s k i l l e d   in  the  a r t   wi thout   a c t u a l l y   d e p a r t i n g   from  t h e  
s p i r i t   and  scope  of  the  i n v e n t i o n   as  d e f i n e d   in  t h e  

appended  c l a i m s .  



1.  A  c o m p o s i t i o n   compr i s i ng   a  blend  of  (a)  a  
p o l y s u l f o n e   and  (b)  a  p o l y e t h e r i m i d e .  

2.  A  c o m p o s i t i o n   in  a c c o r d a n c e   with  claim  1  w h e r e i n  
the  p o l y s u l f o n e   is  of  the  f o r m u l a :  

(-A-SO2-A-B-)b 
where  A  and  B  are  aryl   n u c l e u s ;   or  B  is  e i t h e r   a  s i n g l e  
bond  or  - S 0 2 - ;   and  b  is  a  p o s i t i v e   i n t e g e r   in  e x c e s s   o f  
5 . .  

3.  A  c o m p o s i t i o n   in  a c c o r d a n c e   with  claim  2  where in   A 
and  B are   s e l e c t e d   f r o m :  

where  R1  is  a  C1-C12  a l k y l e n e ;   C2-C12-  
a l k y l i d e n e ;   C 5 - C 1 2 - c y c l o a l k y l e n e ;  
C 5 - C 1 2 c y c l o a l k y l i d e n e ;   C 7 - C 1 2 a r a l k y l e n e ;  
C 7 - C 1 2 - a r a l k y l i d e n e ;   or  a  C 8 - C 1 2 - a r y l e n e - b i s -  
a l k y l i d e n e   r a d i c a l ,   one  of  the  g r o u p i n g s   - 0 - ,   - S - ,   -SO-,  o r  
-CO-  o r  

where  p  is  0  or  an  i n t e g e r   from  1  to  4,  X  is  h a l o g e n ,   m  

is  a  p o s i t i v e   i n t e g e r   from  1  to  6  and  n  is  an  i n t e g e r   f rom 
1  to  3  or  B  is  a  s i ng l e   bond  or  - S 0 2 - .  

4.  A  compos i t i on   in  a c c o r d a n c e   with  c la im  3  w h e r e i n  

the  p o l y s u l f o n e   has  the  s t r u c t u r a l   f o r m u l a  



where  R2  is  C1-C6  a l k y l e n e .  
5.  A  c o m p o s i t i o n   in  a cco rdance   with  c la im  4  w h e r e i n  

R2  is  d i m e t h y l   m e t h y l e n e .  
6.  A  c o m p o s i t i o n   in  a cco rdance   with  claim  3  w h e r e i n  

the  p o l y s u l f o n e   has  the  s t r u c t u r a l   f o r m u l a :  

7.  A  c o m p o s i t i o n   in  a cco rdance   with  c la im  3  w h e r i e n  
the  p o l y s u l f o n e   has  the  s t r u c t u r a l   f o r m u l a :  



8.  A  c o m p o s i t i o n   in  a cco rdance   with  c l a ims   1 , 2 , 3 , 4 ,  
5,6  or  7  where in   the  p o l y e t h e r i m i d e   has  the  f o r m u l a ;  

where  a  r e p r e s e n t s   a  whole  number  in  excess   of  1,  the  g r o u p  
- 0 - T   is  s e l e c t e d   f r o m :  

R'  being  hyd rogen ,   lower  a l k y l   or  lower  a lkoxy ,   Z  is  a 
member  s e l e c t e d   from  the  c l a s s   c o n s i s t i n g   of  ( 1 )  

And  (2)  d i v a l e n t   o r g a n i c   r a d i c a l s   of  the  g e n e r a l   f o r m u l a :  



where  Y  is  a  member  s e l e c t e d   from  the  c l a s s   c o n s i s t i n g   o f  
d i v a l e n t   r a d i c a l s   of  the  f o r m u l a s ,  

where  q  is  0  or  1,  y  is  a  whole  number  from  1  to  5,  and  R 
is  a  d i v a l e n t   o r g a n i c   r a d i c a l   s e l e c t e d   from  the  c l a s s   c o n -  
s i s t i n g   of  (1)  a r o m a t i c   hydrocarbon   r a d i c a l s   having  from 
6-20  carbon  atoms  and  h a l o g e n a t e d   d e r i v a t i v e s   t h e r e o f ,   (2 )  
a l k y l e n e   r a d i c a l s   and  c y c l o a l k y l e n e   r a d i c a l s   having  from 
2020  carbon   atoms,   C(2-8)  a l k y l e n e   t e r m i n a t e d   p o l y -  
d i o r g a n o s i l o x a n e ,   and  (3)  d i v a l e n t   r a d i c a l s   i nc luded   by  
the  f o r m u l a  

where  Q  is  a  member  s e l e c t e d   from  the  c l a s s   c o n s i s t i n g   o f  

where  x  is  a  whole  number  from  1  to  5  i n c l u s i v e .  

9.  A  compos i t i on   in  accordance   with  c la im  8  w h e r e i n  
the  p o l y e t h e r i m i d e   is  of  the  f o r m u l a ;  

and  the  d i v a l e n t   bonds  of  the  - 0 - 2 - 0 -   r a d i c a l   are  in  t h e  

3 , 3 ' ;   3 , 4 ' ;   4,3 '   or  the  4,4 '   p o s i t i o n .  



10.  A  c o m p o s i t i o n   in  a cco rdance   with  claim  9  w h e r e i n  
Z  i s ;  

and  R  is  s e l e c t e d   f r o m ;  

11.  A  c o m p o s i t i o n   in  acco rdance   with  claim  10  w h e r e i n  
the  p o l y e t h e r i m i d e   is  of  the  f o r m u l a :  

12.  A  c o m p o s i t i o n   in  a c c o r d a n c e   wi th   c la im  1  w h e r e i n  
the  p o l y s u l f o n e   has  the  s t r u c t u r a l   f o r m u l a :  
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